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Abstract  We report experimental evidence for the phase diagram of 
doped cuprate superconductors as a function of the micro-
strain ε of the Cu-O bond length, measured by Cu K-edge 
EXAFS, and hole doping δ. This phase diagram shows a 
QCP at P(εc,δc) where for ε>εc charge-orbital-spin stripes 
and free carriers co-exist. The superconducting phase occurs 
in the region of critical fluctuations around this QCP.  The 
function Tc(ε,δ) of two variables shows its maximum at the 
strain driven QCP. The critical fluctuations near this strain 
QCP give the self-organization of a metallic superlattice of 
quantum wires "superstripes" that favors the amplification of 
the critical temperature.  
 
1. INTRODUCTION 
 
High Tc cuprate perovskites provide an exotic superconducting 
phase at half way between absolute zero temperature and room 
temperature. Conventional superconductivity appears in metals with a 
very high charge density ρ and near absolute zero temperature. In these 
materials the electrons in the normal phase, above the critical temperature 
Tc can be considered as free particles following the Fermi statistics 
(fermions) being in the high-density limit and at low temperature. The 
electrons are described by a single particle wavefunction Ψ(r) that gives 
the probability Ψ2(r) to find an electron in the point r. Below Tc electron 
pairs condense into a single quantum state. The condensate is described 
by the order parameter Δeiφ where Δ2 gives the density of condensed pairs 
ρs and φ is the phase. This macroscopic quantum state is characterized by 
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exceptional manifestation of the quantum order: zero resistivity [1], 
perfect diamagnetism [2], quantization of magnetic flux [3,4] and 
quantum interference effects [5]. The wavefunction of the condesate 
decays exponentially as we go from the surface of the material to the 
vacuum with the Pippard coherence length ξ0 [6] and the magnetic field 
decays exponentially [7] as we go from the surface into the material with 
the London penetration length ! = "sm
q
#0c2
$ 
% 
& 
' 
( 
) 
*1
.  
The formation of the condensate made of electron pairs has been 
described by the BCS theory [8]. The key point of the BCS theory is that 
the formation of the condensate is due to the fact that electrons actually 
are not free particles but they are interacting; however the interaction is 
much smaller than the Fermi energy. In this weak coupling limit the 
interacting electrons are replaced by Landau quasiparticles. The very 
small electron-electron attraction triggers the formation of pairs of 
quasiparticles, with zero momentum and zero spin. The standard BCS 
theory assumes that the electron-phonon interaction provides the 
mechanism for the pairing however the pairing can also be mediated by 
electronic excitations (excitonic or plasmon mechanisms) in the low 
density limit.  
In the weak coupling limit the critical temperature Tc is related with 
the energy needed to break the pair 2∆0: 
KBTc =
2! 0
3.52        (1)  
where Δ0  is the superconducting energy gap. The critical temperature 
(and the gap) is given by: 
Tc =
0.36
f
TF
kF!0
                                                 (2) 
where TF is Fermi temperature, kF=2π/λF is the wavevector of electrons 
at the Fermi level, ξ0 is the coherence length of the condesate that is 
related with the size of the pair and f is a measure of the deviation from 
the weak coupling limit f = 2!03.52KBTC
,  
The BCS approximations are valid for a 3D metal with critical 
temperature close to zero Kelvin. In the strong coupling limit the critical 
temperature for the many body superconducting phase remains low since 
the pairs form Bose particles at high temperature but the phase coherence 
of the Bose condensate occurs only at low temperature.  
The discovery of high Tc superconductivity [9] in copper oxide 
perovskites, with a record of Tc~150K in HgBa2Ca2Cu3O8+y [10] has 
clearly shown that the superconducting condensate can be formed beyond 
the standard BCS approximations.  
The mechanism driving the superconducting state from the range 
0<Tc<23K of metals and alloys to the high temperature range 
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20<Tc<150K of doped cuprate oxide perovskites, i. e., enhancing critical 
temperature by a factor ~10, is the object of this work.  
The cuprate perovskites are heterogeneous materials formed by  
1) metallic bcc CuO2 layers intercalated between 
2) insulating fcc AO1-x layers (A=Ba,Sr,La,Nd,Ca,Y. ) [11-13] and  
3) charge reservoir layers where the chemical dopants are stored.  
 Therefore the 3D superconducting order is realized in a superlattice 
of 2D metallic layers where the layers are separated by a spacing of the 
order of the Pippard coherence length. The pairs can jump between the 
layers while the single electrons are confined in the layers. In fact the 
pairs have a hopping of the order of D0tp2  between the 2D layers, where 
Do is the density of states at the Fermi level, tp is the single particle 
transverse hopping between the layers.  
The critical temperature of the 3D condesate is controlled by the 
parameters of the 2D electron gas: the density ρ=1/π (rsaB)2 where rs is 
the electron density parameter and aB is the Bohr radius; the Fermi 
wavevector kF=√2/(rsaB) and the Fermi energy EF(Ry) =2/(m*rs2), and it 
is given by: 
KBTc = 0.36
2
m*rs
aB
f 2!0
 (Ry)    (3)  
Uemura et al. and Keller et al. [14-16] have measured ρs/m* from 
the London penetration depth in different cuprate perovskites at a fixed 
doping, showing the linear relation for Tc versus ρs/m*.  
Within the BCS approximations the critical temperature increases by 
increasing the electron-electron attraction, and by decreasing the size of 
the pairs, i. e., the coherence length ξ
0
 of the superconducting phase.  
However the BCS approximations breaks down in the strong 
coupling regime where the electron-electron attraction is larger than the 
Fermi energy. In this extreme limit all electrons form localized pairs 
(LP). These local pairs are formed below the high temperature Tp 
however the superconducting critical temperature Tc occurs at low 
temperature where the local pairs Bose condense and in the strong 
coupling the factor f>>1. Therefore the critical temperature Tc reaches a 
maximum in a optimum intermediate coupling (OIC) regime where 
kFξ0~2π [17].  
 
 
2. THE METALLIC HETEROGENEOUS PHASE  
 
The heterogeneous structure of a Cu2+ cuprate perovskite is shown in 
Fig. 1. The CuO2 layers form a fcc layer of a tetragonal structure with 
crystallographic axis at =bt=3.94 Å. The Cu ion form a square piramid or 
bipyramid with planar Cu-O distance R=1. 97 Å and axial Cu-O(A) 
distance 2.4-2.6 Å due to cooperative Jahn Teller effect for the Cu2+ 3d9 
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ion that removes the degeneracy of the Cu(3dx 2 ! y2 ), ml=2, and 
Cu(3d3z2 !r 2 ), ml=0, orbital.  
The bcc CuO2 layers are intercalated between insulating rocksalt fcc 
AO layers, This second material fit in the heterostructure by rotating its 
orthorhombic axis a0=b0 by 450 and for the distance R(AO)= R(Cu-O) √2 
= 5.57 Å.  
The electronic structure of the CuO2 plane is a charge transfer insulator 
with a half filled valence band. The covalency of the Cu-O bond is very 
high and the single hole per Cu ion is both in the Cu(3dx 2 ! y2 ) orbital 
and/or in the molecular orbital combination of the oxygen 2p orbitals of 
local b1 symmetry L(b1)= 
1
2 px1 ! py2 ! px 3 + py4( ) . There is a strong 
local Coulomb repulsion for two holes (d) in the same Cu 3d orbital, 
Udd~6 eV, that gives a Mott-Hubbard gap ∆H=Udd for the charge transfer 
(dx+dx)->(0+dxdx) where dx indicates a hole in the Cu(3dx 2 ! y2 ) orbital.  
 
 
a  =5.57 Å
charge reservoir block
fcc rocksalt AO
o
a =3.94 Åt
bcc CuO2
bt
bo
fcc rocksalt AO
O 2p
y
xCu 3d x -y2     2
1
3
1
4 2
 
Fig. 1 The heterostructure of a Cu2+ cuprate perovskite and the 
molecular orbitals forming the electronic structure of the CuO2 
plane.  
 
The gap for the electron transfer of a hole from the Cu(3d9), or dx to 
the oxygen orbital L(b1), (d+L)->(0+dL), is smaller than the Hubbard 
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gap. This charge transfer gap is given by ∆CT= εL-εd+UdL, where in the 
final state configuration there is a Coulomb repulsion UdL between a hole 
on Cu and a hole on the nearest oxygen, and εL-εd is the energy separation 
between O(2p) and Cu(3dx 2 ! y2 ) orbital. The relevant local inter-atomic 
Coulomb repulsion UdL~2 eV has been determined by joint x-ray 
photoemission and x-ray absorption and the optical gap for the insulating 
compound ∆CT ~UdL since εL-εd~0 [18].  
The metallic phase in the CuO2 plane is obtained by two separate 
steps in the design of the material: first, chemical dopants that play the 
role of acceptors and pump electrons from the CuO2 plane, are introduced 
in the charge reservoir blocks; second, multiple substitutions of metallic 
ions A (A=Ba,Sr,La,Nd,Ca,Y., ) in the rocksalt layers are made in such a 
way to change the average ionic radius <rA> of the rocksalt layers. In 
cuprates with multiple CuO2 layers the rocksalt layers between the copper 
planes loose completely their oxygen ions. Doping introduces holes in the 
O 2p orbital (L) and a single hole remains in the Cu site [19]. However 
the symmetry of the molecular orbital for the added hole have a mixed 
symmetry with a component with local a1 symmetry L(a1)= 1
2 px1 + py 2 ! px 3 ! py4( )  mixed with dz = Cu(3d3z2 !r 2 ) ml=0 [20-22]. 
These results have shown that the symmetry of the doped holes is not the 
pure ml=2 symmetry of the antiferromagnetic insulator at half filling. 
Therefore the doped holes in the metallic phase are associated with a 
local lattice distortions (LLD) mixing states with different orbital 
momentum. These LLD distortions are expected for a pseudo Jahn Teller 
electron lattice interaction of the doped holes [23]. Here the key point has 
been to show that the electronic correlation lower the Jahn-Teller energy 
separation ∆JT between the states with ml=2 and ml=0 symmetry from 
about 1.5 eV to about 0.5 eV since the Coulomb repulsion UdL for the 
configuration L(a1)dz is much smaller than for L(b1)dx,  
The 2D electron gas in the CuO2 plane of cuprate perovskites is 
therefore a strongly correlated electron gas described by the Hubbard 
Hamiltonian. Moreover there is a relevant electron lattice interaction of 
the type of cooperative pseudo Jahn-Teller coupling of charges with Q2-
type local modes. This can be described by the Holstein Hamiltonian with 
a next-near neighbour hopping integral t’. Therefore its metallic phase is 
described by the Hamiltonian: 
 
H = Hel + HU + Hph +HI =
= !t ci"+ cj"( )
< i, j>"
# ! t ' ci"+ cj"( )
<<i , j>>"
# +U ni$
i
# ni%
+& 0 aq+aq
q
# + g&0 ci+
i ,q
# cj aq+aq[ ] ! µ 0 ni"
i"
#
  (4)
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The first two terms describe the itinerant charges in a 2D square 
lattice simulating the CuO2 plane where t is the electron transfer integral 
between nearest-neighbor sites <i,j> and t` is the electron transfer integral 
between next-nearest-neighbor sites <<i,j>>, niσ=ciσ+ciσ is the local electron 
density, ciσ+ denotes the electron creator operator at site i.  
The third term is the Hubbard Hamiltonian describing the electronic 
correlation in the CuO2 plane. The Hubbard term induces a mass 
renormalization of a factor of the order of 5 giving an effective mass in 
the (π,π) direction, m*/m0~2. 
The coupling of the charges with local lattice distortions (LLD) of 
the CuO4 unit can be described by the Holstein Hamiltonian (Hph +HI). 
The position of the lattice site is indicated by Ri and aq+ represents the 
creation operator for phonon with wavevector q, ω0 is the frequency of 
the optical local phonon mode and g indicates the coupling of the charge 
with this local lattice mode. This term describes the weak electron-
phonon interaction while for g sufficiently large the charge is coupled 
with local lattice distortions.  
The local lattice distortion Q follows the equation 
 
  
˙ ˙ Q q = !"02Qq ! g"0
2"0
M h
# 
$ 
% 
& 
' 
( 
1 / 2
, therefore the electron-lattice 
interaction (g≠0) provides a force 
  
F = !g" 0
2"0
M h
# 
$ 
% 
& 
' 
( 
1/ 2
that induces a 
displacement 
  
!Q = "g
# 0
2#0
M h
$ 
% 
& 
' 
( 
) 
1/ 2
of the equilibrium position. The local 
lattice distortion (LLD) appears when ∆Q becomes larger than zero 
energy vibration amplitude. In the present square lattice it is possible to 
identify the electron lattice coupling constants 1! =
g2"0
2t d , 2! =
g2"0
2t ' d  
where d=2 for a 2D electron gas. We have found that in the cuprate 
perovskites, while the first coupling constant is in the weak coupling 
limit, λ1<1, the second one is in the intermediate-strong coupling limit 
1<λ2<2.5 and it is expected to give local lattice distortions. In this 
situation we are in an intermediate regime where charges trapped into 
LLD coexist with itinerant charges. This situation is expected to occur in 
special cases in the intermediate electron-lattice coupling regime.  
The experimental evidence for LLD due to pseudo JT electron-
lattice interaction (JT-LLD) was provided by the presence of two 
different types of doped holes in the oxygen orbital [20-23]: 
1) L(a1) of partial a1 symmetry, mixed with Cu 3d3z2 !r 2  (orbital 
angular momentum ml=0) and  
2) L(b1) of b1 symmetry mixed with Cu 3dx 2 ! y2 (orbital angular 
momentum ml=2).  
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The pseudo JT-LLD should be associated with the doped holes L(a1) 
since the Q2 type lattice distortion forms molecular orbital of mixed 
ml=2 and ml=0 angular momentum. The search for these local lattice 
distortions motivated the Rome group to solve the incommensurate 
structural modulation of the CuO2 plane in Bi2Sr2CaCu2O8. 2 (Bi2212) by 
joint single crystal x-ray diffraction and EXAFS. We have found in 1992 
that the pseudo JT-LLD get self organized in linear arrays, i.e., stripes 
[24-26]. The co-existing itinerant particles form rivers of charges and at 
the Erice workshop in 1992 [25] the scenario of superconducting stripes, 
where “the free charges move mainly in one direction, like the water 
running in the grooves of a corrugated iron foil”, was introduced for the 
first time in the field of high Tc superconductors.  
A heterogeneous phase of the matter is a generic phenomenon 
following doping of a high correlated antiferromagnetic insulating 
electronic system. The formation of a microscopic electronic phase 
separation with the formation of metallic droplets in an antiferromagnetic 
background was first shown in doped magnetic semiconductors [27]. 
Experimental evidence that at very low doping in the cuprates the doped 
holes segregate into strings of charges that play the role of domain walls 
between anti ferromagnetic domains, forming a glassy phase of strings, 
has been reported [28]. At higher doping if the counterions are mobile the 
system is unstable toward a macroscopic phase separation between 
macroscopic metallic domains and insulating antiferromagnetic domains 
[29,30].  
The high Tc superconductors are a special case of heterogeneous 
doped magnetic superconductors since in the metallic droplets we have 
the coexistence of doped charges in the weak coupling limit, phase A, 
with doped charges associated with local lattice distortions associated 
with pseudo Jahn Teller electron lattice interaction phase B. There is now 
clear experimental evidence that there are two types of doped charges in 
the cuprates [31]. The ordering of charges trapped by the pseudo Jahn-
Teller LLD with an associated modulation of the orbital angular 
momentum gives stripes and orbital density waves.  
The phase diagram of the metallic phase of high Tc superconductors 
is usually given as a function of hole doping, measuring the distance from 
the antiferromagnetic (AF) insulating Mott Hubbard phase. In the two 
components 2D electron fluid it is necessary to measure the actual density 
of the itinerant component by using the electron density parameter rs 
measured by the Hall effect at low temperature.  
The phase diagram of La2-x SrxCuO4 as a function of electron density 
parameter rs is shown in Fig. 2 (lower panel).  
Published in  “Phase Transitions and Self-Organization in Electronic and Molecular Networks”, 
edited by Thorpe, M. F. & Phillips, J. C. (Kluwer Academic Publishers, Boston, 2002) Fundamental 
Materials Research, chap. 24, pp. 375-388     URL http://dx.doi.org/10.1007/0-306-47113-2_24 
 
 
Superstripes (self organization of quantum wires in high Tc superconductors) A. Bianconi, D. Di 
Castro, N. L. Saini, & G. Bianconi  
 
0
100
200
300
400
500
ph
ase
sep
ara
tio
n
1D CDW
1D ODW
stripes
1D SDW
La2CuO4 +!
Tc
Tetra          Ortho
Do
pe
d
M
ott
 in
su
lat
or
0
100
200
300
400
500
1 10 100
T 
(K
)
Electron density parameter rs
La2-xSrxCuO4
T* i
2D
 Fe
rm
i li
qu
id
2D
 el
ec
tro
n g
las
s
1D CDW
1D ODW
1D SDW
Do
pe
d 
M
ott
 in
su
lat
or
Tetra          Ortho
TN
 
Fig. 2. Phase diagram of the La2-xSrxCuO4 (lower) and 
La2CuO4+δ (upper) as a function of electron density parameter 
rs of the itinerant 2D electron gas measured by Hall effect. 
Usual notations are used to denote different regimes of the 
phase diagram. The structural phase transition boundary 
between the orthorhombic and tetragonal phase is shown.  
 
 
The system La2-xSrxCuO4 shows a complex phase diagram typical of 
a glassy system due to the random distribution of countercharges (Sr ions) 
in the block layers. The AF phase appears in the range rs>37, and a spin 
glass phase appears for 37>rs>15. The metallic phase, 15>rs>5, shows a 
typical glassy phase with several crossover temperatures T*i that depend 
on the measuring time of each experimental probe.  
To understand the basic physics of the metallic phase of cuprate 
superconductors we need to study a simple crystalline system. This is 
provided by La2CuO4+δ (and Bi2Sr2CaCu2O8+δ) where the itinerant holes in 
the CuO2 plane are compensated by the negative charges carried by the 
mobile interstitial oxygen δ in the LaO layers (and in the BiO charge 
reservoir layer) that can get ordered. There is no frustrated phase 
separation regime in La2CuO4+δ due to mobile counterions, therefore it 
does not show the spin glass phase of the doped Mott insulator in the 
range 37>rs>15, where it shows the expected phase separation below 
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about 300K between an insulating doped AF lattice (rs~37) and a metallic 
phase (rs1~12).  
This first superconducting phase with Tc=32 K shows the universal 
1D dynamical spin fluctuations below Tsdw~60K and the 1D stripes [32], 
CDW and/or ODW, indicated by the ordering of local lattice distortions 
of the CuO6 octahedra (tilting) below a critical temperature Tc0=190 K 
[33], as shown in Fig. 2 (upper panel).  
A second stable phase with the highest critical temperature appears 
at 5<rs2<6. In this phase, oxygen ordering and charge and orbital stripes in 
the CuO2 plane have been found by several experimental techniques 
probing different physical parameters: NMR revealing two different Cu 
sites [34], EXAFS solving the local CuO4 rhombic distortions, 
characteristic of the pseudo Jahn Teller polarons below 150 K [35], x-ray 
[36] and electron diffraction [30]. The universal 1D dynamical spin 
fluctuations at (π,π±δ) and (π±δ,π), δ=0.105, have been also observed in 
this regime below 60 K by inelastic magnetic neutron scattering (37).  
In a recent work we have identified the short range incommensurate 
charge ordering in the CuO2 plane reflected by a pattern of diffuse x-ray 
scattering peaks with wavevector qCDW=(0.208b*,0.29c*) and a coherence 
length of about 350 Å. The anharmonicity of this modulation is evident 
from large intensity of higher harmonics. By cooling the sample the 
diffuse charge ordering peaks show a temperature dependence reported in 
Fig. 3, where the square root of the intensity of the second harmonic peak 
is plotted.  
In the second harmonic peaks we can well separate the charge 
ordering from the 3D oxygen ordering peaks. The square root of the 
intensity plotted in Fig. 3 gives the direct measure of the density of 
charge Δρ(q) ordered in the CuO2 plane with wavevector q, that is the 
order parameter for the charge ordered phase. The solid line is a fit to the 
experimental intensities with an expression Δρ∝(T-Tco)α which represents 
a typical second order phase transition with Tco~188 K. This effect is 
clearly due to formation of charge stripes in the CuO2 plane since the 
oxygen mobility is frozen below 200K. In fact the 3D oxygen ordering 
has already been established at higher temperature (in the range 270-230 
K) in the system as evidenced by temperature evolution of the resolution-
limited diffraction peaks.  
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Fig. 3. Temperature dependence of the order parameter for the 
stripe formation with wavevector q(0.4π,0. 4π) in La2CuO4. 1. The 
fit shows a critical temperature Tco=190 K for charge ordering. 
 
The second harmonic of the charge modulation at 0.416b* has the same 
wavevector of the nesting vector at 2kF ~0.4b* or ~(0.4π,0.4π) observed 
by Saini et al. [18] in the Fermi surface of Bi2212 that induces the 
suppression of the spectral weight at selected spots in the k space and 
gives a broken Fermi surface. The 3D ordering of dopants stabilizes the 
orthorhombic phase, as shown in Fig. 1, and the symmetry of the CuO2 
plane is broken. The ordering of stripes in the b direction gives a 
superconducting phase in a broken symmetry, with a broken Fermi 
surface. The Fermi surface is therefore formed not by closed circles but 
by segments and the "mini-gaps" in the density of states due to the 1D 
superlattice of stripes [19-20] give origin to the "pseudo-gap" scenario. In 
this stripe scenario the amplification of the superconducting critical 
temperature is realized by tuning the Fermi level at a "shape resonance" 
of the superlattice [19-20]. The pairing mechanism is mediated by charge 
fluctuations in a metal with the anomalous dielectric constant typical of 
an anomalous Fermi fluid at rs>4 [17].  
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Fig. 4. The critical temperature of different cuprate perovskites at 
fixed doping at δ1∼0.1 (open circles) and δ2∼0.16 (open squares) 
as function of the ratio ρ/m*, where ρ is the condensate density 
and m* the effective mass. The dashed line shows the calculated 
Tc using formula (5) for the coherence length ξ0 of the order of 
the distance between particles <d>=2rsaB. 
 
In this regime a generalized BCS scheme remains valid and the 
dynamical pairing described by the BCS is still possible up to the point 
where the size of the pairs of quasi-particles is of the order of the 
wavelength of the electrons at the Fermi level ξ0~ λF. In this regime the 
coexistence of local pairs (bosons) and fermions in the normal phase is 
expected. The proximity to Wigner localization gives a metal with a 
negative dielectric permitivity ε(ω,q)≤0, q≠0, ω->0, predicted by Dolgov 
and Ginsburg, needed for high Tc with kFξ0=2π. The highest critical 
temperature is reached for ξ
0
 close to the average distance between two 
electrons <d>=2rsaB in a 2D electron gas. This is the highest critical 
temperature possible in an extended BCS scheme in the intermediate 
coupling:  
 
Τc (K)= (35440.8/f) ρ/m*    (5)  
 
where ρ is measured in Å-2, and m* is the effective mass. In this 
limit the critical temperature depends only on the ratio ρ/m* and using 
the phenomenological value, f=2, from tunneling data at optimum 
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doping, the critical temperature has been calculated as a function of ρs/m* 
in ref. 17. The predicted temperature is plotted in Fig. 4 and it is in very 
good agreement with the experimental data.  
The expected density of charge carriers is constant but the 
condensate density is different in different cuprate perovskites. Therefore 
there is a term in the Hamiltonian of the metallic phase of the CuO2 
layers, that changes the electronic structure and drives the critical 
temperature and the condensate density. The object of this work is the 
identification of the term in the Hamiltonian that drives the CuO2 plane to 
the optimum intermediate coupling regime giving high Tc 
superconductivity.  
 
 
3. THE TC(δ) PHASE DIAGRAM OF BI2212 
 
After the discovery of HTcS the physics of cuprates was described 
by a generic phase diagram Tc(δ) where the critical temperature is plotted 
as a function of doping δ, i. e., a measure of the charge density and the 
distance from the Mott Hubbard insulator at δ=0.By increasing δ the 
system goes through quite different states. At low doping the doped holes 
form a disordered electron glass. At very high doping a normal metallic 
phase appears. The high Tc superconducting phase appears between these 
two phases. In 1993 we presented the phase diagram Tc(δ) for Bi2212, 
shown in Fig. 5. The doping was measured in units of δ0, the critical 
density for the insulating commensurate JT charge ordered crystal at 
δ0=1/8 in La1-xBaxCuO4 This electronic crystal is in competition with 
superconductivity and it is at the origin of the huge suppression of the 
superconducting critical temperature in La1-xBaxCuO4 at x=1/8. The long 
range Coulomb interaction between charge trapped in pseudo JT-LLD is 
expected to play a key role in the formation of the ordered phase of 
localized charges. Therefore we call this phase a generalized Wigner 
commensurate JT polaron crystal (CPC).  
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Fig. 5. The phase diagram Tc(δ) for Bi2212. The charge density is 
measured in units of the critical doping δ0=1/8 for the expected 
commensurate polaron crystal (CPC) also if in this family by 
changing the doping we do not cross the CPC phase. We observe 
1) an insulating phase A of an electron gas in the localization 
limit (kFl<1) for δ/δ0<0.5; 2) a homogeneous metallic phase B at 
δ/δ0 >2 and 3) a region of co-existence of the two different 
phases, 0.5<δ/δ0<2: a 1D-polaronic incommensurate charge 
density waves and the superconducting phase.  
 
The CPC was not observed at δ=δ0 in the phase diagram Tc(δ) of 
Bi2212 shown in Fig. 5 where only a weak minimum of Tc appears at 
δ0=1/8. By decreasing the temperature, below about T*=Tco=130 K, the 
system form an inhomogeneous phase where a one-dimensional (1D) 
incommensurate polaronic charge density wave (ICDW) or polaronic 
stripes coexist with free carriers. In the underdoped phase, 0.5<δ/δ0<1, 
the charge density of free carriers is smaller than that of JT polarons in 
the ICDW. In the high doping phase, 1<δ/δ0<2, the charge density of free 
carriers is larger than that of JT polarons in the ICDW. This particular 
ICDW does not suppress but promotes the pairing of the free carriers 
below Tc. In fact in this unexpected metallic phase of condensed matter, a 
superlattice of quantum mesoscopic stripes of width L, the chemical 
potential is tuned to a "shape resonance". The "shape resonance" occurs 
when the de Broglie wavelength of electrons at the Fermi level λF 
~nL/2.The measure of the stripe width L in 1993 has established the 
presence of the "shape resonance" L~λF at optimum doping. At the shape 
resonance the chemical potential is tuned to the bottom of a superlattice 
subband and therefore to a narrow peak in the density of states (DOS). At 
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optimum doping a BCS-like superconductivity is observed (2Δ/Tc~5) and 
the highest Tc is reached where the chemical potential is tuned to this 
narrow DOS peak via the calculated "shape resonance" effect on the 
superconducting gap. A patent has been granted with priority date 7 Dec 
1993 for a method of Tc amplification via the "shape resonance" effect in 
new materials formed by a superlattice of quantum wires. A very good 
agreement with experimental data has been found for the calculated 
critical temperature plotted as a solid line in Fig. 5 assuming the pairing 
mechanism mediated by charge fluctuations in a superlattice of quantum 
wires at the "shape resonance" [17].  
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Fig. 6. The average <Cu-O> bond length measured by Cu K-edge 
EXAFS as a function of the average radius <r> of metal ions in 
the rocksalt layers. 
 
4. THE MICRO STRAIN QUANTUM CRITICAL POINT 
 
The electron-lattice interaction g of the pseudo JT type in the 
cuprates is controlled by the static distortions of the CuO4 square plane 
and the Cu-O(apical) distance. In fact g=Ψ(Q)φ(ΔJT)γ(β) where Q is the 
conformational parameter for the distortions of the CuO4 square, like the 
rhombic distortion of CuO4 square; β is the dimpling angle given by the 
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displacement of the Cu ion from the plane of oxygen ions; and ΔJT is the 
JT energy splitting that is controlled by the Cu-O(apical) bond length. 
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Fig. 7. The critical temperature for charge ordering Tco and the 
superconducting critical temperature Tc as function of the micro 
strain ε at optimum doping δ=0.16. 
 
There is an external field acting on the CuO2 plane of the cuprates 
that controls g(η) via the micro-strain of the CuO2 lattice due to the 
compressive stress generated by the lattice mismatch between the 
metallic bcc CuO2 layers and the insulating rocksalt fcc AO layers 
[40,41]. The bond-length mismatch across a block-layer interface is given 
by the Goldschmidt tolerance factor t=[r(A-O)]/√2[r(Cu-O)] where [r(A-
O)] and [r(Cu-O)]=d0 are the respective equilibrium bond lengths in 
homogeneous isolated parent materials A-O and CuO2 [42]. The hole 
doped cuprate perovskite heterostructure is stable in the range 0<t<0.9 
that corresponds to a mismatch η=1-t of 0<η<10%. 
We have focused our attention to 3 main cuprate perovskite systems 
1) Hg1212, 2) Bi2212 and 3) La2CuO4+y. In these materials the hole 
concentration in the CuO2 plane is controlled by the oxygen doping in the 
charge reservoir blocks. The stress due to the mismatch or the chemical 
pressure acting on the CuO2 plane is controlled by the average ionic 
radius in the rocksalt layers. The stress increases going from Ba to Sr to 
La. We have measured the average Cu-O bond lengths by Cu K-edge 
EXAFS, a local structural probe, and shown in Fig. 6 as a function of 
average ionic radius of metallic ions in the rocksalt layers <r>. 
Decreasing <r> is equivalent to a anisotropic chemical pressure acting on 
the CuO2 plane. We define the local or micro strain of the CuO in plane 
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bond length ε=2(1-<Cu-O>/d0), where d0=1.97 Å is the equilibrium Cu-O 
distance at doping δ=0.16 in many different systems. 
In the cuprate perovskites the micro-strain ε drives the system to a 
quantum critical point gc(εc) for the formation of a superlattice of 
quantum stripes. The stripes of local lattice distortions are detected by x-
ray diffraction above a critical micro-strain εc~4%. 
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Fig. 8. The superconducting critical temperature Tc plotted in a 
half-tone scale scale (from Tc=0K, black, to Tc ~ 135K, white) as 
a function of the micro-strain ε and doping δ. The maximum Tc 
occurs at the critical point δc=0.16, and εc=0.04. 
 
We have plotted in Fig. 7 the variation of the critical temperature for 
charge ordering Tco and the superconducting critical temperature Tc as 
function of the micro-strain at optimum doping δ=0.16. 
In Fig. 8 we report the critical temperature Tc in a color plot (the 
critical temperature increases from black, Tc=0K, to white, the maximum 
Tc ~ 135K) as a function of the micro-strain ε and doping δ for all 
superconducting cuprate families. The figure shows that the maximum Tc 
occurs at the critical point P(δc=0.16;εc~0.04). 
From these data we can derive a qualitative phase diagram for the normal 
metallic phase of all cuprate perovskites that give high Tc 
superconductivity that is shown in Fig. 9. 
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Fig. 9. The phase diagram of the normal phase of doped cuprate 
perovskites as a function of micro-strain on the Cu-O(planar) 
bond and doping. The high Tc superconductivity occurs in the 
region of quantum fluctuations around the micro-strain quantum 
critical point QCP. 
 
 This phase diagram solves the long standing puzzle of the phase 
diagram of the normal phase of the cuprates. There was a hidden physical 
parameter, the micro-strain, that triggers the electron-lattice interaction at 
a critical value for the onset of charges trapped into pseudo JT-LLD. The 
doping of the strained antiferromagnetic lattice forms both free carriers 
and charges trapped into the JT-LLD above the critical micro-strain εc. 
For ε>εc, as it was discussed for the case of oxygen doped Bi2212 and 
La124, the systems show a quasi first order phase transition as a function 
of doping. 
The quantum critical point QCP is well defined at constant finite 
doping as a function of the micro-strain as it is shown in Fig. 8. Direct 
experimental evidence for quantum critical local lattice fluctuations has 
been obtained by measuring the dynamical fluctuations of the Cu-O bond 
at a high temperature TH>Tco in all families of cuprates (TH~200K).  
In conclusion we have deduced a phase diagram for the 
superconducting phases where Tc depends from both doping and micro-
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strain. The anomalous normal phase of cuprate superconductors is 
determined by an inhomogeneous phases with co-existing polaronic 
stripes and itinerant carriers that appears for an electron lattice interaction 
larger than a critical value. Fluctuations of lattice-charge stripes appear in 
this critical regime. The micro-strain drives the electron lattice interaction 
to a QCP of a quantum phase transition [43]. Near this QCP the stripes 
get self organized in a superlattice of quantum wires of charges trapped 
into JT-LLD that co-exist with free carriers. This superlattice forms an 
array of superstripes where the chemical potential is tuned to a shape 
resonance. The plot Tc(ε) reaches the highest temperature at the critical 
point εc.  
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